Cognitive emotion regulation has been widely shown in the laboratory to be an effective way to alter the nature of emotional responses. Despite its success in experimental contexts, however, we often fail to use these strategies in everyday life where stress is pervasive. The successful execution of cognitive regulation relies on intact executive functioning and engagement of the prefrontal cortex, both of which are rapidly impaired by the deleterious effects of stress. Because it is specifically under stressful conditions that we may benefit most from such deliberate forms of emotion regulation, we tested the efficacy of cognitive regulation after stress exposure. Participants first underwent fear-conditioning, where they learned that one stimulus (CS+) predicted an aversive outcome but another predicted a neutral outcome (CS−). Cognitive regulation training directly followed where participants were taught to regulate fear responses to the aversive stimulus. The next day, participants underwent an acute stress induction or a control task before repeating the fear-conditioning task using these newly acquired regulation skills. Skin conductance served as an index of fear arousal, and salivary α-amylase and cortisol concentrations were assayed as neuroendocrine markers of stress response. Although groups showed no differences in fear arousal during initial fear learning, nonstressed participants demonstrated robust fear reduction following regulation training, whereas stressed participants showed no such reduction. Our results suggest that stress markedly impairs the cognitive regulation of emotion and highlights critical limitations of this technique to control affective responses under stress.
Cognitive emotion regulation has been widely shown in the laboratory to be an effective way to alter the nature of emotional responses. Despite its success in experimental contexts, however, we often fail to use these strategies in everyday life where stress is pervasive. The successful execution of cognitive regulation relies on intact executive functioning and engagement of the prefrontal cortex, both of which are rapidly impaired by the deleterious effects of stress. Because it is specifically under stressful conditions that we may benefit most from such deliberate forms of emotion regulation, we tested the efficacy of cognitive regulation after stress exposure. Participants first underwent fear-conditioning, where they learned that one stimulus (CS+) predicted an aversive outcome but another predicted a neutral outcome (CS−). Cognitive regulation training directly followed where participants were taught to regulate fear responses to the aversive stimulus. The next day, participants underwent an acute stress induction or a control task before repeating the fear-conditioning task using these newly acquired regulation skills. Skin conductance served as an index of fear arousal, and salivary α-amylase and cortisol concentrations were assayed as neuroendocrine markers of stress response. Although groups showed no differences in fear arousal during initial fear learning, nonstressed participants demonstrated robust fear reduction following regulation training, whereas stressed participants showed no such reduction. Our results suggest that stress markedly impairs the cognitive regulation of emotion and highlights critical limitations of this technique to control affective responses under stress.
W
hether we are running late to an appointment, arguing intensely with a loved one, or having a rough day at work, controlling our emotions when circumstances become stressful can be challenging. Although extensive work in the laboratory has demonstrated that we can cognitively alter emotional responses to foster more adaptive behavior (1) (2) (3) , in real-world emotional contexts we often fail to do so. One potential reason for this regulatory failure might be that the pervasive presence of stress in daily life compromises our ability to effectively regulate emotions. Indeed, negative affect has long been proposed to play a key role in the failure to exert self-regulatory control over our thoughts and behavior (4, 5) . However, as of yet, a direct relationship between the physiological stress response and the cognitive control of emotion has not been examined. Here, we sought to explore how the cognitive regulation of emotion is affected by an acute stress induction.
A large body of work has shown that responses to emotionally salient stimuli can be flexibly changed and controlled through cognitive emotion regulation (for review, see refs. 1-3 and 6) . By targeting what has been described to be the initial appraisal of a salient cue or event (7, 8) , cognitive regulation allows an individual to alter the relevance and meaning of a stimulus, subsequently shaping its emotional response (2, 3). Recruiting cognitive strategies to deliberately change the way a stimulus is evaluated, either by reinterpreting (i.e., reappraising) its meaning or focusing on its more positive aspects, has proven effective at reducing the subjective (2, 9, 10), physiological (2, 10, 11) , and neural components (3, 9, 11, 12) of emotional arousal.
The cognitive regulation of emotion, however, is generally a complex and goal-directed process that depends on a number of higher cognitive functions, such as attention, cognitive flexibility, motivation, and working memory, which all facilitate the online maintenance of information needed to override initial affective reactions (2, 3, 13, 14) . This regulatory capacity is critical to mental (15) and physical (16) health and its impairment strongly predicts vulnerability to an array of affective disorders (17, 18) . Importantly, the principles underlying cognitive regulation also form the basis of cognitive-behavioral therapy (CBT), a tool widely used in the clinic to treat affective psychopathology. Like cognitive regulation, CBT relies on the tightly coupled relationship between thoughts and emotions and promotes the correction of irrational or distorted cognitive appraisals to engender more adaptive emotional responses (19) . Although cognitive regulation has emerged as a highly effective technique for controlling emotional responses, its success relies on the availability of cognitive resources and intact executive function (3-5, 7, 13, 14) . Critically, a growing body of work has revealed that exposure to acute stress impairs many of these higher cognitive processes (20) (21) (22) , including cognitive flexibility (23, 24) , goal-directed behavior (25) , working memory (26) (27) (28) (29) (30) , and self-control (5). These rapid cognitive effects of stress are thought to be mediated by neuroendocrine responses to acute stress exposure that impacts the functional integrity of the prefrontal cortex (PFC) (20, 21) , which supports these processes (31, 32) . Importantly, acute stress effects appear to preferentially target the dorsolateral PFC (20, 21, 33, 34) , which has consistently been implicated as playing a key role in the successful execution of cognitive emotion regulation (3, 6, 12) .
These findings suggest an important, yet unexplored, paradox: in the stressful situations in which we might benefit most from deliberate, active forms of emotional control, the mechanisms required to support such cognitive regulation may be impaired. Thus, cognitive regulation may be ineffective at controlling emotional responses precisely when such control is needed most. Here, we test whether acute stress influences the ability to use cognitive regulation to diminish conditioned fear responses. Given the pervasive nature of stress in daily life, characterizing how stress influences our ability to modify emotional responding is critical for understanding the boundaries within which existing regulation techniques are effective, and offer insight into treatment options for those who suffer from stress-related psychological disorders.
We investigated the effect of stress on cognitive emotion regulation using a 2-d protocol. On day 1 (learning session), participants underwent a fear-conditioning paradigm using visual cues as conditioned stimuli (CS) and a mild electric wrist-shock as the unconditioned stimulus (US). Skin conductance response (SCR) served as an index of physiological fear arousal. One image (CS+) was paired with a shock on a subset of trials, but the other (CS−) was never paired with shock and served as a baseline measure of arousal. Directly after fear-conditioning, participants reported three emotions that they associated with each CS and rated the intensity of these emotions on a scale from 1 (least intense) to 10 (most intense). Participants were then trained to use a cognitive regulation strategy that incorporated elements of reappraisal and was based on the principles of CBT. This regulation strategy has been shown in previous work to result in the persistent attenuation of conditioned fear compared with sustained fear seen in those participants who underwent a control task (10) (Methods). After cognitive regulation training (CRT), participants rerated the intensity of their selfreported emotions and were asked to return the next day to undergo the same fear-conditioning task using their newly acquired regulation techniques.
On day 2 (regulation session), participants who showed adequate fear-learning the previous day (Methods) were randomly assigned to the stress or control group. Critically, we manipulated stress levels by having participants undergo either the coldpressor (CP) task (35) , an acute stress induction in which participants submerged their arms in ice-cold water for 3 min, or a control task using room-temperature water, before repeating the fear-conditioning session. To ensure that our stress manipulation elicited hypothalamic-pituitary-adrenal (HPA) axis activity, the hallmark of an acute stress response, we measured cortisol concentrations in participants' saliva throughout the experiment. HPA-axis activation triggers the release of stress hormones that peak ∼10-20 min after a stressor (20, (36) (37) (38) (39) . Therefore, we collected salivary samples at baseline (immediately before the CP/control task), again 10 min later (after the CP/control task but before the fear-conditioning task), and, finally, 20 min after the CP/control task (immediately after the fear-conditioning task) (see Fig. 1 for a schematic of experimental protocol). Cortisol release is preceded and triggered by an earlier wave of catecholamines (i.e., noradrenaline) that reflects autonomic nervous system arousal and is released rapidly after a stressor to facilitate preparatory responses to stress (20, 21, 39) . To measure this response, we also assayed α-amylase, a salivary enzyme that serves as an index of noradrenergic activity (40) (41) (42) in each of these samples. Participants reported subjective levels of stress after the CP/control task on a scale from 1 (least stressful) to 10 (most stressful). Self-reported emotions and intensity ratings were collected on day 2 after the CP/control manipulation, but before participants repeated the fear-conditioning task. We hypothesized that after undergoing CRT nonstressed participants would successfully regulate fear to the CS+ on day 2 (10), whereas fear responses in stressed participants would persist.
Results
Physiological Fear Responses. To ensure that we could measure the influence of stress on fear regulation the following day, only participants who showed evidence of acquiring a conditioned fear response (CS+ > CS− by 0.1 μS) were included (see Methods for detailed exclusion criteria). To confirm that fear acquisition on day 1 did not differ between conditions, we conducted a repeated-measures ANOVA using a withinsubject factor of CS (CS+, CS−), and a between-subjects factor of condition, using mean SCRs from the fear-conditioning session. As expected, given our exclusion criteria, we found a significant main effect of CS [F (1, 78) = 190.20, P < 0.000001]. Importantly, there was no effect of condition and no interaction. Independent t tests confirmed that participants in both groups showed greater mean SCRs to the CS+ than CS− [stress: t (35) = 9.24, P < 0.000001; control: t (43) = 10.24, P < 0.0000001] and that fear responses did not differ between groups for either CS [CS+: t (78) = −0.28, P = 0.78; CS−: t (78) =0.62 P = 0.54].
Our primary analysis of interest was how fear responses to the CS+ decreased across sessions for each condition. We conducted a repeated-measures ANOVA using condition (stress, control) as a between-subject factor and session (day 1, day 2) as a withinsubject factor. We observed a main effect of session [F (1, 78) = 8.45, P = 0.005], no effect of condition [F (1, 78) = 1.32, P = 0.25], and a significant session X condition interaction [F (1, 78) = 4.55, P = 0.03]. Paired samples t-tests confirmed that the control group showed a significant decrease in SCR to the CS+ across sessions [t (43) = 3.65, P = 0.001], whereas the stress group showed no such reduction [t (35) = 0.546, P = 0.59]. Mean SCR to the CS+ did not differ between groups on day 1 [t (78) = −0.28, P = 0.78, onetailed]; however, on day 2 stressed participants showed significantly stronger SCR to the CS+ than did the control group, despite both groups undergoing the regulation training [t (78) = −1.76, P = 0.04, one-tailed] (Fig. 2 ). An additional analysis of our baseline stimulus (CS−) yielded no interaction or group differences across sessions ( Fig. S1 and SI Results).
Self-Reported Fear Responses. Subjective reports of emotional experience were also consistent with our physiological findings. We examined the influence of stress on self-reported fear by assessing the proportion of fear-related emotions that participants assigned to the CS+ across sessions (Methods). A session X condition repeated-measures ANOVA revealed a main effect of session [day 1, day 2; F (1, 78) = 28.53, P = 0.0000002], a marginally significant main effect of condition [stress, control; F (1, 78) = 3.94, P = 0.050], and a trend toward an interaction [F (1, 78) = 2.57, P = 0.11]. Planned comparisons confirmed that the proportion of fear-related words assigned to the CS+ were equivalent after fear conditioning on day 1 [t (78) = −0.372, P = 0.71], verifying that both groups initially considered the CS+ equally fearful. On day 2, although both groups assigned fewer fear-related words overall to the CS+ [stress: t (35) = 2.38, P = 0.02; control: t (43) = 5.44, P = 0.00001], stressed participants reported a higher number of fear-related emotions for the CS+ than did controls [t (78) = −2.57, P = 0.01], indicating that stress influenced self-reported fear in addition to physiological fear arousal (Fig. 3) . The stress group not only assigned significantly more fear-related emotions to the CS+ on day 2, but the average intensity rating for those Fig. 1 . Experimental timeline. Schematic of experimental procedure and timeline of neuroendocrine assessments for both day 1 (learning) and day 2 (regulation).
self-reported fear emotions was also marginally higher ( Fig. S2 and SI Results).
Stress Analyses. Self-reported stress. As expected, stressed participants rated the CP task with significantly higher levels of discomfort than those participants who underwent the control manipulation [t (76) = 10.42, P < 0.00001, two-tailed] (Fig. S3 ). To assess whether these subjective ratings translated to larger increases in cortisol after the CP/control task, we conducted a correlation analysis between increases in cortisol relative to baseline and self-reported stress ratings. We found a positive correlation between the increase in cortisol and stress ratings both 10 min (r = 0.43, P = 0.0002) and 20 min (r = 0.48, P = 0.00001) after the CP/control task. (Fig. S4) . This relationship did not emerge between increases in α-amylase and stress ratings at either timepoint (+10 min: r = 0.13, P = 0.28; +20 min: r = 0.04, P = 0.68). No relation was found between these ratings and subsequent fear arousal responses (i.e., SCR) to either the CS+ (r = 0.14; P = 0.20), or the CS− (r = −0.04, P = 0.72). Neuroendocrine responses. Our two neuroendocrine measures of stress response included cortisol, a reliable measure of HPA-axis activity, and α-amylase, which reflects noradrenergic response. Groups did not differ in α-amylase or cortisol concentrations on day 1 (SI Results). On day 2 we examined how cortisol concentrations differed between groups to confirm the efficacy of our stress manipulation. (Any samples that contained insufficient saliva could not be analyzed and were excluded from this analysis.) A repeated-measures ANOVA with a between-subject factor of condition (stress, control) and within-subject factor of time (baseline, +10 min, +20 min) revealed a main effect of time (Fig. 4) . A similar analysis using alpha-amylase concentrations yielded no group differences or interaction (SI Results). Neuroendocrine responses and fear regulation. To explore whether increases in glucocorticoids influenced fear regulation on day 2, we conducted a linear regression using participants' mean cortisol level 10 and 20 min after the CP/control task as independent variables and physiological fear arousal to the CS+ (i.e., SCR) as our dependent variable. We found no relation between cortisol increase and fear arousal responses across participants either 10 min (β = −0.03, P = 0.77), or 20 min (β = 0.09, P = 0.43), after the CP/control manipulation.
We then examined whether α-amylase levels, indicative of noradrenergic activity, were related to fear regulation responses across participants by using participants' mean α-amylase level after the CP/control manipulation. Because α-amylase is characterized by a rapid onset and exerts effects more quickly than does cortisol (36-38), we hypothesized that only α-amylase samples taken 10 min after the CP/control task (but not 20 min after) would potentially influence fear arousal. We conducted a linear regression using participants' mean α-amylase level both 10 and 20 min after the CP/control task on mean SCR during the regulation session. α-Amylase levels assessed 10 min after the CP/control task predicted fear arousal responses across participants (β = 0.25, P = 0.03) (Fig. 5) . However, for α-amylase levels 20 min after the CP/control task, this correlation was only trending (β = 0.17, P = 0.13).
Discussion
These results suggest that acute stress impairs the ability to recruit cognitive regulation to control fear responses to aversive cues. Although both groups underwent CRT following initial fear acquisition, only the nonstressed group was able to successfully use these regulation techniques to diminish fear arousal on a subsequent test. In contrast, fear responses in the stress group were comparable to those during the initial fear acquisition, before any regulation training.
Although our data cannot speak to the precise neural mechanisms underlying these fear regulation impairments, we can take advantage of our understanding of the neurobiology of the stress response to hypothesize as to why these effects might emerge. Regulated fear responses on day 2 were correlated with salivary α-amylase, a marker of noradrenergic activity. This finding suggests that early catecholamine responses driven by sympathetic nervous system arousal may be one mechanism by which cognitive control over fear responses is impaired. This finding is consistent with work both in animals (20, 21, 29) and humans (23, 27, 29, 30, 33, 43) showing that elevated noradrenaline levels during stress lead to rapid alterations in executive functioning and impair the PFC. Indeed, a recent pharmacological study conducted in humans showed that exogenously administering a noradrenergic antagonist reduced stress-related neural Fig. 2 . Conditioned fear response for each group. Mean SCR for the CS+ for each group across sessions. On day 1, groups demonstrated equivalent levels of SCR. On day 2, fear arousal to the CS+ was successfully diminished for the control group only; no such reduction was shown in the stress group. *P < 0.05; **P < 0.01; error bars denote SEM. Fig. 3 . Average proportion of fear-related words assigned to the CS+ across sessions. Groups did not differ on day 1 before regulation training; however, after the CP/control manipulation on day 2, stressed participants reported a higher proportion of fear-related words for the CS+ than did controls. Both groups significantly reduced the proportion of fear-related words reported across sessions. *P < 0.05, **P < 0.00001; error bars denote SEM.
responsiveness and interconnectivity, whereas a cortisol antagonist had no such effect (35) . The finding is also consistent with clinical investigations showing successful treatment of posttraumatic stress disorder symptoms after administration of prazosin, which blocks α-1-adrenoreceptor activity, enhancing prefrontal functioning and dampening amygdala activity (44, 45) .
We did not observe a similar correlation between cortisol and fear responses during regulation. The elevations we show in cortisol are indicative of HPA-axis activity and are widely known to facilitate an organism's recovery from a stressor, but cortisol can also influence prefrontal function by potentiating earlier catecholamine release (20, 29, 46) . It has been suggested that cortisol may preserve or exaggerate the effects of catecholamines by inhibiting their clearance from the PFC, thus altering their brain concentration (20, 29, 33, 46) . Although only α-amylase levels correlated with fear arousal 10 min after the stressor, it is possible that the lasting elevated cortisol responses in the stress group exacerbated the effects of these noradrenergic inputs in the brain, allowing their effects on PFC function to persist even after detectable differential salivary levels of alpha amylase between the groups dissipated. Therefore, it is possible that both noradrenergic and glucocorticoid responses to stress, and the interacting influence they exert on one another in the brain, serve as a potential mechanism for the impact of stress on the cognitive control of fear. Nonetheless, a clearer understanding of the neural mechanisms that underlie this stress-induced cognitive regulation impairment requires further study.
Although preliminary evidence has shown that individuals with high trait anxiety are impaired at regulating emotions (47) , this investigation is unique in explicitly manipulating stress levels in healthy humans during a cognitive emotion regulation task, precisely when this capacity may be compromised. The regulatory deficits described here are consistent with a growing body of evidence suggesting that stress impairs cognitive control and flexibility, presumably by disrupting PFC functioning (20, 21) . It is also consistent with theories of self-regulation failure, most notably, those derived from Baumeister and Heatherton et al. (4, 5) that describe self-regulatory capacities as a limited resource that may become weak and depleted either over time (48) or when exposed to negative emotions (4, 5 ). This influential model of self-regulation asserts that regulatory capacities rely on top-down prefrontal control and may be weakest when the PFC is impaired, or when subcortical regions involved in the automatic emotional response behavior are enhanced (5). Our findings are consistent with this model in a broader context of selfregulation failure and provide a unique demonstration of one underlying reason such self-regulation failure may be common in everyday life.
Considering that situations that require such deliberate effort to control emotions are typically those characterized by stress, the present results highlight important limitations on the use of cognitive strategies to change emotional responses, suggesting that such strategies may be largely ineffective in the face of stress.
Asserting control over our emotional responses to subsequently alter behavior has been of considerable interest to a number of research domains. The stress-induced impairments seen here highlight significant limitations in the real-world application of cognitive regulation in the domains of reward processing (4, 5, 49, 50) , decision-making (51) (52) (53) , and intergroup attitude and bias change (54, 55) , all of which have effectively used cognitive regulation to change or influence behavior in the laboratory.
That cognitive emotion regulation techniques are rendered ineffective under stress has broad implications for the efficacy of cognitive regulation to change behavior in everyday life. Importantly, these results offer insight into why strategies taught in the clinic may not always generalize to the real world, where stress exposure is ubiquitous. Alternative forms of emotion regulation that are less reliant on the PFC may be more suitable for changing emotion responses under stress (6) . Additionally, under longer durations of training or practice, the recruitment of cognitive regulation strategies might become easier and more habitual, thus relying less on the top-down cognitive control and executive functioning that are compromised by stress (56) . Furthering our understanding of how emotion regulation malfunctions under stress may lead to better interventions that foster resistance to stress-induced regulatory impairments and offer better treatment options for clinical populations.
Methods
Participants. Participants were ineligible for the study if they were pregnant, had experienced heart or blood pressure problems in the past, or were taking any antidepressant or antianxiety medication. All participants signed a consent form approved by New York University's Committee on Activities Involving Human Subjects and were compensated $30 for their participation. Participants were assigned either two images of spiders or two images of snakes to serve as the CS+ and CS−. To ensure participants were not phobic of these stimuli, they completed the Snake Phobic Questionnaire (SNAQ) and Spider Phobic Questionnaire (SPQ) (57) on-line before participating in the study. Those who scored above 15 on either of these questionnaires (scores range from 0 to 31; higher score indicates increased fear) were considered "phobic" and were thus ineligible to participate. This cut-off is Fig. 4 . Mean cortisol levels at baseline, as well as 10 min and 20 min after the CP/control task. *P < 0.01; **P < 0.001; error bars denote SEM. (58) . The stimulus category with the higher score was used to ensure the stimuli were emotionally arousing. Participants included in our final analysis had a mean SNAQ and SPQ score of 8.4 (SD = 6.68) and 6.95 (SD = 5.44), respectively, both of which are comparable to that of healthy populations (57) .
Because SCRs served as our index of fear arousal, participants who failed to show measurable electrodermal signal to the shock (US) or on >75% of nonreinforced CS+ trials were classified as nonresponders and excluded before the second session (n = 25). Participants who failed to demonstrate adequate differential conditioning (mean CS+ > mean CS− by at least 0.1 μS) across the acquisition session were categorized as nonacquirers and excluded before the second session (n = 44). This criterion was necessary because we could not assess fear regulation without first confirming that participants acquired differential fear to the CS+ vs. CS−; similar criteria have been used in previous fear-conditioning studies (10, 59) . Four participants were excluded because of technical errors with data acquisition software and two were excluded for failing to follow experimental instructions. Additionally, four participants from the stress group were unable to complete the CP task and were thus excluded. Two final participants were removed from the stress group before analysis because their cortisol concentrations at baseline were greater than 3 SDs from the mean. Our final analysis included a total of 78 healthy participants (39 females) with a mean age of 23.2 (SD = 8.18; range = 18-54).
Fear Conditioning. A delay, discrimination fear-conditioning procedure with partial reinforcement was used. CSs were either two distinct images of snakes or two distinct images of spiders (Fig. S5 ). CS category assignment (i.e., snakes vs. spiders) was counterbalanced across participants, as was the assignment of images within each category as CS+ or CS−. These "prepared stimuli" were used because they are emotionally engaging without eliciting fear, as verified by the SNAQ and SPQ. Two distinct, pseudorandomized trial orders were used such that no trial of the same kind occurred more than two times consecutively; these trial orders were also counterbalanced across participants.
A mild electric wrist-shock (200 ms) served as the US. One image (CS+) coterminated with the US on a subset of trials, whereas the other image (CS−) was never paired with shock (42 trials total; 17 CS+, 17 CS−, 8 CS-US pairings). Partial reinforcement (∼33%) was used to allow unreinforced trials to be analyzed for anticipatory fear arousal without contamination from US responses. On each trial, the CS was presented for 4 s, followed by an 8-to 12-s intertrial interval, during which a fixation cross was presented at the center of the screen. Participants were instructed to pay attention to the relationship between the image and shock, and that this relationship would be discussed with the experimenter afterward. This fear-conditioning protocol was repeated on day 2 (regulation phase) with instructions to use the CRT from the previous day.
Psychophysiological Stimulation and Assessment. Mild electric shocks (50 pulses per second) were delivered through a bar electrode (Biopac Systems) attached with a Velcro strap to participants' wrist. The electrode wells were manually filled with NaCl electrolyte gel to enhance conductance and attached to a SD9 Square Pulse Stimulator (Grass Technologies). To identify each individual's shock level, mild shocks were manually triggered and increased in increments of 5 V until the participant reported the shock to be uncomfortable, but not painful, or 60 V were reached. Our index of fear arousal was SCR, an assay of sympathetic nervous system arousal that reflects changes over discrete intervals consistent with the autonomic arousal characteristic of fear (12, 60) . To record SCR, shielded Ag-AgCl electrodes filled with standard NaCl electrolyte gel were first applied between the first and second phalanges of the participant's left index and middle fingers. SCR was sampled at a rate of 200 Hz and recorded using an MP100 Data Acquisition module (Biopac Systems) connected to an Apple computer. Raw SCR amplitudes were square root transformed to reduce skew and were subsequently divided by individual mean US responses to account for individual differences in shock reactivity (61) . We assessed conditioned responding off-line using AcqKnowledge software (Biopac Systems) by analyzing unreinforced trials only. The level of skin conductance was assessed for each trial by taking largest base-to-peak waveform amplitude response (in microsiemens, μS) within the 0.5-to 4.5-s interval after stimulus onset. Responses lower than a predetermined criterion of 0.02 μS were recorded as zero. Each individual's SCR data were preprocessed using AcqKnowledge software (Biopac Systems) before analysis by low-pass filtering (cut-off frequency 25 Hz) and mean-value smoothing using a three-sample window.
CRT Session. The CRT session incorporated elements of reappraisal (1-3) and CBT and has been shown previously to persistently attenuate conditioned fear responses (10) (see SI Methods and Figs. S6-S8 for details regarding this protocol). The primary objective of the CRT session was to illustrate how thoughts directly influence emotional responses. Participants were trained to recognize this relationship as well as cognitive errors people typically make when dealing with emotionally charged stimuli or events (i.e., catastrophizing). The participants were then instructed to reappraise the CS+ as less threatening by generating alternative, more positive ways in which they could think about the image, and the fear-conditioning session overall. After this training, participants rerated the intensity of the emotions previously reported to be associated with the CS+. All participants were informed that they would return in 24 h to undergo the same fear-conditioning protocol, during which they should consider and try to incorporate the strategies reviewed during the CRT session.
Stress Manipulation. On day 2 (regulation phase), participants were randomly assigned to the stress group, or the control group. Participants in the stress group underwent the CP task, during which they submerged their right hand to elbow in a 0-4°C ice-water bath for 3 min. The CP task is used widely in the laboratory to model the effects of mild to moderate acute stress that participants might encounter in everyday life (35) (36) (37) and has been shown to reliably activate sympathetic nervous system and HPA axis arousal as measured by increased physiological, endocrine (i.e., cortisol), and subjective levels of stress (35) (36) (37) (38) . If a participant was unable to keep their arm in the water, the experiment was terminated (n = 4; see Participants). The control participants submerged their right arms in room-temperature water for 3 min. To assess subjective levels of stress after the task, all participants rated how stressful they found the stress or control task on a scale from 1 (not stressful) to 10 (most stressful) (SI Results). Participants waited 10 min after the CP/control task before repeating the fear-conditioning task on day 2 to allow time for cortisol levels to rise and to ensure participants' arms in the CP condition were not cold before the fear-conditioning session. Shock levels were recalibrated to ensure that participants still found the US to be uncomfortable but not painful.
Neuroendocrine Analysis. Cortisol levels were measured using an oral swab that participants placed under their tongue for 2 min. A baseline sample was collected 10 min after participants' arrival each day to allow for contextual acclimation of the laboratory. On day 1, samples were also collected directly after the fear-conditioning and CRT session. On day 2, samples were collected 10 min after the CP/control manipulation (+10 min) and directly after the fearconditioning session (+20 min). All samples were stored immediately in a sterile tube in a freezer set to −20°C for preservation. Samples were analyzed using Salimetrics Testing Services (State College, PA). Samples were brought to room temperature and centrifuged at ∼1500 × g for 15 min before testing.
Self-Reported Fear. Self-reported emotions and intensity ratings were collected on day 1 after fear-conditioning. To confirm that regulation training reduced the intensity of these reported emotions, participants rerated each emotion after the CRT session. On day 2, after the CP/control manipulation, all participants filled out a worksheet that reviewed the CRT session from the previous day. Here, participants again reported and rated the intensity of three emotions related to each CS. The participants then adjusted any residually fear-related emotions or thoughts to those more positive and adaptive ones that were generated during the CRT session the previous day. Self-reported emotions were categorized into one of six basic affective categories (i.e., fear, disgust, sadness, anger, surprise, happiness), or as neutral (10) . Because our objective was to examine how stress affects the regulation of fear, only those emotions categorized under "fear" were analyzed. The proportion of reported emotions categorized as fearful was used to confirm that participants found the CS+ subjectively fearful. Intensity ratings for these fearrelated words were averaged across participants and served as an estimate of subjective fear intensity.
Questionnaires. Participants completed self-report questionnaires at the start of day 1 that included the State and Trait Anxiety Inventory (STAI-S, STAI-T) (62), the Intolerance of Uncertainty Scale (IUS) (63), the Need for Closure Scale (NFCS) (64) , the Emotional Regulation Questionnaire (ERQ) (65) , and the Pain Catastrophizing Scale (PCS) (66) . On day 2, participants repeated the STAI-S, IUS, and PCS. None of these questionnaires yielded any group differences on either day (SI Results).
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